We study the g-factor of discrete electron states in InAs nanowire based quantum dots.
1 in the field of quantum transport: single electron transistor behavior [2] , Pauli spin blockade [3] and the Kondo effect [4] have already been observed in NW based devices. Furthermore, new physical phenomena were also demonstrated, e.g. π-junction [5] or the interplay of Andreev reflection and Kondo effect [6, 7] , which are not accessible in conventional GaAs heterotructures. In this Letter we report on a surprising behavior of InAs NW based quantum dots (QD). We investigate the g-factor of the dot electron states, which is the key parameter for the manipulation of spin information at a single electron level. The g-factor shows an order of magnitude variation for neighboring discrete electron states, which highly exceeds previous observations in semiconductor based quantum dots [8, 9] . Moreover, strong gate tunability of the g value of individual charge states is also demonstrated.
The high quality InAs nanowires were grown by molecular-beam epitaxy [4] . The nanowires were then brought into IPA solution by short sonication of the growth substrate. The wires were deposited by spinning a droplet of the solution on a highly doped Si substrate with 400 nm insulating SiO 2 cap layer. After locating the nanowires by SEM, the devices were fabricated by standard e-beam lithography technique. We define ohmic source and drain contacts for transport measurements (S,D) and a top gate electrode (TG) for local gating (see Fig. 1a ). The Ti/Au (10/100 nm) TG electrode is isolated from the nanowire by the native surface oxide layer [10] .
Before the evaporation of the Ti/Al (10/100 nm) ohmic contacts this oxide layer is removed by gentle Argon sputtering. The transport measurements were performed with standard lock-in technique in a dilution refrigerator at a base temperature of 40 mK in perpendicular magnetic field.
The electron density of InAs wires can be strongly varied by applying voltage on the back gate electrode. Based on the backgate dependence the nanowires have n-type charge carriers. When the back gate potential is decreased, barriers are generated at the contacting source and drain electrodes, and a QD forms in the middle of the wire segment [2, 4] . In our device architecture the topgate provides an additional knob to modify the shape of the confinement potential of the QD 2 besides the back gate. Zeeman-splitting according to ∆V = 2gµ B B/e, where µ B is the Bohr magnetron, e is the electron charge and g is the effective g-factor of the highest discrete electron state occupied with an unpaired electron [12, 13] . The magnetic field dependence of a zero bias ridge is shown in Figure 2 . The zero bias anomaly peak (black arrow) splits up linearly with magnetic field in agrement with Kondo physics (see inset). Note that two side peaks at low B field (gray arrows) are related to the superconducting electrodes and they are completely suppressed by a field of B > 50 mT. They will not be considered further in this paper [6] . Since the magnetic field splitting of the zero bias Kondo ridge is proportional to the Landé g-factor of electron state, one can evaluate the absolute value of the g-factor of the highest occupied discrete electron state based on the magnetoconductance data (see Fig. 2 ). There are different methods in the literature for the precise determination of the |g| value from the Kondo splitting. In the first work the positions of the maximums of the splitted Kondo peak were used [12, 13] , which yields a slight overestimation (few percent) according to later studies [14] . In our work we will determinate |g| from the magnetic field dependence of the two inflection points (see orange dot and green triangle for the highest B field in the main panel of (see also the distribution in Fig. 3d ) from the lowest value of 1.7 even up to 18, which exceeds the InAs bulk value of |g| = 14.7. By modifying the backgate and topgate voltage simultaneously along the Coulomb blockaded regions (blue stripes) the confinement potential of the dot changes while its charge state is preserved. Such a tuning of the gate voltages can also lead to marked g-factor variations. For instance along the dashed line in Fig. 3a the |g| varies by almost a factor of two, while the number of electrons is kept fixed on the dot. Such a gate tunability of the g-factor of single electron state provides an efficient way for selectively addressing electron spins.
Furthermore, in some of the Coulomb diamonds the magnetic field splitting of the Kondo ridge is
clearly not constant over backgate voltage. As it is seen in Fig. 3b-c by an order of magnitude for neighboring electron states and it can be strongly gate-tunable even in the same charge state. We investigated the relation between the observed g values and Kondo temperature (T K ) estimated from the full width at half maximum of the Kondo ridges [13] . As it is shown in Fig. 3e , no correlation was found between g and T K . Therefore we conclude that the level-to-level fluctuation of the g-factor is not related to Kondo physics.
The rather large g-factor of bulk InAs (g = −14.7) is due to the presence of strong spinorbit coupling and the contribution of the orbital degree of freedom. If the electrons are confined in a small constriction the large |g| value decreases even down to the free electron value of 2 because of the quenching of the angular momentum [16, 17] . This phenomenon was reported by Björk et al. for InAs nanowires [18] . They studied quantum dots formed between two (few nanometer thin) InP tunnel barriers. Decreasing the distance between the barriers to 8nm the |g| value decreased down to ≃ 2. However, they did not observe measurable changes in |g| varying the number of electrons on the quantum dot. The size of the QD in our study is relative large, L ≃ 350nm and the occupation number is also significantly higher. Therefore, a considerable orbital angular momentum is preserved. This is supported by the average value of the measured g-factors of |g| = 7.4 ± 3.6. The elastic mean free path and spin orbit (SO) length (l e ≈ 80nm, l SO ≈ 125nm [19] ) are significantly smaller than the size of the dot, thus the electrons cover diffusive-like trajectories and several SO scattering events are expected to take place in the dot.
Although the strong fluctuation of the g value of neighboring discrete electron states is surprising for semiconductor nanostructures, it was observed in metallic nanoparticle based QDs in the presence of spin orbit interaction [20] . The g-factor of the discrete electron levels for e.g. silver with random matrix theory (RMT) calculations [21, 22] , which describe the SO interaction with the parameter λ = (hπ/τ SO δ) 0.5 (τ SO and δ are the SO scattering time and the level spacing, respectively). In our InAs NW measurements a rough estimation of the SO strength is λ ≈ 0.4 based on δ ≈ 0.1 meV and τ SO ≈ 100 ps (bulk value) [23] . This is close to the range of λ ≈ 0.7 − 10, where g fluctuation was observed in metallic grains [20] . RMT provides an analytic expression for the distribution of the g-factor in the strong SO coupling regime (λ ≫ 1):
where g 2 is the mean square value of the distribution. For our experimental distribution function of |g| (see bar graph in Fig. 3d ) g 2 = 67 . Using this mean square value, the RMT predicted distribution is plotted as a line graph in Fig. 3d . Although we are not in the strong SO coupling regime, the distribution functions show a good agreement without fitting parameters. Based on the theory,
where the first term is the spin contribution and g 2 o is the orbital part [21] . In the case of metallic nanoparticles the spin contribution dominates the g-factor. In contrast, for InAs QDs the orbital part is expected to be the main contribution due to the small effective mass and relatively large dot size. This is consistent with the large broadening of the 6 distribution of g. However RMT calculations [21, 22] 
